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(54) MAGNETORESISTIVE ELEMENT AND MAGNETIC MEMORY DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a magetoresistive element which has 
excellent magnetic characteristics, and to provide a magnetic memory 
device which uses the magnetoresistive element and has excellent 
write/read characteristics. 

SOLUTION: In this magnetoresistive element 1, a pair of ferromagnetic 
layers (a pinned magnetic layer 5 and a free magnetic layer 7) face each 
other with an intermediate layer 6 in between them, and 
magnetoresistance is varied by an electric current in the direction 
vertical to layer surfaces. The free magnetic layer 7 is composed of a 
ferromagnetic material containing FeCoB or FeCoNiB, and has a thickness 
of >2 nm and <8 nm. The magnetic memory device comprises 
magnetoresistive element 1, and bit lines and word lines that sandwich 



the magnetoresistive element 1 in the direction of thickness. 
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CLAIMS 



[Claira(s)] 
[Claim 1] 

It is the magneto-resistive effect component of a configuration of 
obtaining magnetic-reluctance change by a pair of ferromagnetic layer' s 
coming to counter through an interlayer, and passing a current 
perpendicularly to a film surface, 

One side of the above-mentioned ferromagnetic layer is the magnetization 
fixed bed, and another side is a magnetization free layer, 
The above-mentioned magnetization free layer consists of the 
ferromagnetic ingredient containing FeCoB or FeCoNiB, 

And the thickness of the above-mentioned magnetization free layer is 2nm 
or more 8nm or less. 

The magneto-resistive effect component characterized by things. 
[Claim 2] 

The magneto-resistive effect component according to claim 1 



characterized by being a tunnel magneto-resistive effect component using 
the tunnel barrier layer which consists of an insulator or a semi- 
conductor as the above-mentioned middle class. 
[Claim 3] 

The magneto-resistive effect component according to claim 1 
characterized by having laminating ferry structure. 
[Claim 4] 

The magneto-resistive effect component designed so that it might have 
ferromagnetic tunnel association which changes on both sides of a tunnel 
barrier layer between a pair of ferromagnetic layers and a current might 
flow perpendicularly to a film surface, 

It is the magnetic memory apparatus equipped with the word line and bit 
line whose above-mentioned magneto-resistive effect component is pinched 
in the thickness direction, 

One side of the above-mentioned ferromagnetic layer is the magnetization 

fixed bed, and another side is a magnetization free layer, 

The above-mentioned magnetization free layer consists of the 

ferromagnetic ingredient containing FeCoB or FeCoNiB, 

And the thickness of the above-mentioned magnetization free layer is 2nm 

or more 8nm or less. 

The magnetic memory apparatus characterized by things. 
[Claim 5] 

The above-mentioned magneto-resistive effect component is a magnetic 
memory apparatus according to claim 4 characterized by being a tunnel 
magneto-resistive effect component using the tunnel barrier layer which 
consists of an insulator or a semi-conductor as the above-mentioned 
middle class. 
[Claim 6] 

The magnetic memory apparatus according to claim 4 to which the above- 
mentioned magneto-resistive effect component is characterized by having 
laminating ferry structure. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the magnetic memory apparatus which is 



equipped with the magneto-resistive effect component and magneto- 
resistive effect component of a configuration of obtaining magnetic- 
reluctance change, and changes by passing a current perpendicularly to a 
film surface, 
[0002] 

[Description of the Prior Art] 

Much more high performance-ization of high integration, improvement in 
the speed, low electrification, etc. is requested from components which 
constitute this, such as memory and logic, with the fast spread of 
personal small devices, such as information communication equipment, 
especially a personal digital assistant. Especially the high density and 
large capacity-ization of nonvolatile memory are becoming still more 
important as a technique which essentially replaces the hard disk which 
cannot be miniaturized, and an optical disk by existence for moving part. 
[0003] 

The flash memory using the semi-conductor as nonvolatile memory, FRAM 
(Ferro electric Random Access Memory) using a ferroelectric, etc. are 
mentioned. 

However, a flash memory has the fault that drawing speed is as slow as 
the order of rau second. On the other hand, the problem that there are 
few rewritable counts is pointed out in FRAM. 

[0004] 

The magnetic memory called MRAM (Magnetic Random Access Memory) which is 
indicated by "Wanget al. , IEEE Trans. Magn. 33 (1997), 4498" is observed 
as nonvolatile memory without these faults. Since this MRAM has simple 
structure, high integration is easy, and a rewritable count is size in 
order to record by rotation of the magnetic moment. Moreover, it is 
expected that it is very high-speed also about the access time, and it 
is checked that it can already operate by the nanosecond level. 
[0005] 

The magneto-resistive effect component used for this MRAM, especially a 
tunnel magneto-resistive effect (Tunnel Magnetoresistance:TMR) component 
consist of laminated structures of a ferromagnetic layer, a tunnel 
barrier layer, and a ferromagnetic layer fundamentally. With this 
component, where a fixed current is passed between ferromagnetic layers, 
when an external magnetic field is impressed between ferromagnetic 
layers, a magneto-resistive effect shows up according to whenever 
[ angular relation / of magnetization of both magnetic layers ]. When 
the sense of magnetization of both ferromagnetic layers is anti-parallel, 
resistance serves as max, and when parallel, resistance serves as min. 
The function as a memory device is brought about by making a condition 



parallel to anti-parallel by the external magnetic field. 
[0006] 

It considers as the magnetization fixed bed which it set always constant 
[ the sense of magnetization ] in the TMR component of a spin bulb mold 
by combining with the antiferromagnetism layer which one ferromagnetic 
layer adjoins in antiferromagnetism especially. The ferromagnetic layer 
of another side is used as the magnetization free layer which carries 
out flux reversal easily by the external magnetic field etc. And this 
magnetization free layer turns into an information recording layer in 
magnetic memory. 
[0007] 

In the TMR component of a spin bulb mold, the rate of a resistance value 
change is expressed with the following formula (A), when the rate of 
spin polarization of each ferromagnetic layer is set to PI and P2. 

2P1P2/(1-P1P2) (A) 
[0008] 

Thus, resistance rate of change becomes large, so that each rate of spin 
polarization is large. About the ingredient used for a ferromagnetic 
layer, and the relation of this resistance rate of change, the report 
about the ferromagnetic element of Fe groups, such as Fe, Co, and nickel, 
or the alloy of these three kinds of inside is made until now. 
[0009] 

[Problem (s) to be Solved by the Invention] 

By the way, two or more bit write-in lines (the so-called bit line) and 
two or more WORD write-in lines (the so-called word line) which 
intersect perpendicularly with the bit write-in line of these plurality 
are formed, a TMR component is allotted as a magnetic memory device at 
the intersection of a these bit write-in line and a WORD write-in line, 
and the fundamental configuration of MRAM changes as indicated by JP, 10- 
116490, A. And in case it records by such MRAM, selection writing is 
performed to a TMR component using an asteroid property. 
[0010] 

the conductor usually used for the bit write-in line and the WORD write- 
in line which are used for MRAM with semi-conductors, such as Cu and 
aluminum, — in order to use a thin film, for example, to write in the 
component of reversal field 200e by the write-in line of 0. 25-micrometer 
line breadth, about 2mA current was required. When the thickness of a 
write-in line is the same as line breadth, the current density in that 
case is 3.2x106 A/cm2. It becomes and is close to the open-circuit 
threshold value by electromigration. Moreover, it is necessary to reduce 
this write-in current also from the problem of generation of heat by the 



write-in current, and a viewpoint of power consumption reduction. 
[0011] 

Reducing the coercive force of a TMR component is mentioned as the 
technique of realizing reduction of the write-in current in MRAM. The 
coercive force of a TMR component is suitably determined by the 
magnitude of a component, a configuration, a film configuration, 
selection of an ingredient, etc. 

However, when a TMR component is made detailed, for example for the 
purpose of improvement in the recording density of MRAM, un-arranging 
[ that the coercive force of a TMR component goes up ] arises. 
Therefore, in order to write in with detailed-ization (high integration) 
of MRAM and to attain reduction of a current to coincidence, it is 
necessary to attain coercive force reduction of a TMR component from an 
ingredient side. 
[0012] 

Moreover, when the magnetic properties of a TMR component varying for 
every component in MRAM and dispersion at the time of repeating and 
using the same component exist, there is a trouble that the selection 
writing which used the asteroid property becomes difficult. 
Therefore, a TMR component is asked also for the magnetic properties for 
making an ideal asteroid curve draw. 

In order to make an ideal asteroid curve draw, that there are no noises, 
such as a Barkhausen noise, in the R-H (resistance-magnetic field) loop 
formation at the time of performing TMR measurement, wave-like square 
shape nature' s being good, and a magnetization condition are stable, and 
it is required for there to be little dispersion in coercive force He. 
[0013] 

By the way, read-out of the information in the TMR component of MRAM 

sets to "0" "I" and that case where each magnetic moment is conversely 
parallel, when the sense of the magnetic moment of a ferromagnetic layer 
and the ferromagnetic layer of another side is anti-parallel and while 
the tunnel barrier layer was pinched has high resistance, and it 
performs read-out with the difference electrical potential difference in 
differential current and the fixed bias current in fixed bias voltage in 
those conditions. 

Therefore, when resistance dispersion between components is the same, it 
is so advantageous that a TMR ratio (magnetic-reluctance rate of change) 
is high, a degree of integration is high at high speed, and memory with 
a low error rate is realized. 
[0014] 

Moreover, it is known that a TMR ratio will decrease as the bias voltage 



dependency of a TMR ratio exists in the TMR component which has the 
basic structure of a ferromagnetic layer / tunnel barrier layer / 
ferromagnetic layer and bias voltage rises. Since reading on the 
electrical potential difference (Vh) which a TMR ratio reduces by half 
with a bias voltage dependency in many cases, and taking the maximum of 
a signal is known, little direction also reads a bias voltage dependency 
and it is effective in reduction of an error. 
[0015] 

Therefore, it is necessary to read with the above-mentioned requirements 
for a write-in property, and to be satisfied with coincidence of the 
requirements for a property as a TMR component used for MRAM. 
[0016] 

However, when choosing the ingredient of the ferromagnetic layer of a 
TMR component and an alloy presentation to which the rate of spin 

polarization shown by PI and P2 of a formula (A) becomes large is chosen 
from the ingredient which uses only the ferromagnetic transition-metals 
element of Co, Fe, and nickel as a component, it is in the inclination 
for the coercive force He of a TMR component to increase generally. 
[0017] 

For example, although the rate of spin polarization is large and 40% or 
more of high TMR ratio can be secured when Co75Fe25 (atomic %) alloy etc. 
is used for a magnetization free layer (free layer), i.e., an 
information recording layer, coercive force He also becomes large. 

[0018] 

When nickel80Fe20 (atomic %) alloy called the permalloy known as soft 
magnetic materials on the other hand is used, since the rate of spin 
polarization is low as compared with Co75Fe25 (atomic %) above-mentioned 
alloy of what can reduce coercive force He, a TMR ratio will fall to 
about 33%. 
[0019] 

Furthermore, if Co90FelO (atomic %) alloy which has the middle property 
of the alloy of two above-mentioned presentations is used, while about 
37% of TMR ratio will be obtained, although stopped by middle extent of 
Co75Fe25 (atomic %) above-mentioned alloy and nickel80Fe20 (atomic %) 
alloy, coercive force He The square shape nature of a R-H loop formation 
(resistance-magnetic field curve) is inferior, and the asteroid property 
which makes writing possible is not acquired. Moreover, the problem that 
the reversal field of the magnetization free layer for every component 
is not stabilized is also generated. 
[0020] 

The magnetic memory apparatus which has the magneto-resistive effect 



component which has good magnetic properties in this invention, and the 
writing and the read-out property of having had this magneto-resistive 
effect component and having excelled, for solution of the problem 
mentioned above is offered. 
[0021] 

[Means for Solving the Problem] 

The magneto-resistive effect component of this invention is the 
configuration of obtaining magnetic-reluctance change by a pair of 
ferromagnetic layer' s coming to counter through an interlayer, and 
passing a current perpendicularly to a film surface, one side of a 
ferromagnetic layer is the magnetization fixed bed, another side is a 
magnetization free layer, a magnetization free layer consists of the 
ferromagnetic ingredient containing FeCoB or FeCoNiB, and the thickness 
of a magnetization free layer is 2nm or more 8nm or less. 
[0022] 

The magneto-resistive effect component designed so that the magnetic 
memory apparatus of this invention might have ferromagnetic tunnel 
association which changes on both sides of a tunnel barrier layer 
between a pair of ferromagnetic layers and a current might flow 
perpendicularly to a film surface, It has the word line and bit line 
whose magneto-resistive effect component of this is pinched in the 
thickness direction. One side of a ferromagnetic layer is the 
magnetization fixed bed, another side is a magnetization free layer, a 
magnetization free layer consists of the ferromagnetic ingredient 
containing FeCoB or FeCoNiB, and the thickness of a magnetization free 
layer is 2nm or more 8nm or less. 
[0023] 

According to the configuration of the magneto-resistive effect component 
of above-mentioned this invention, it enables it for the thickness of a 
magnetization free layer to improve magnetic-reluctance rate of change 
(magnetic-reluctance ratio), and to improve dispersion in the square 
shape nature of a resistance-magnetic field curve, or coercive force by 
[ 2nm or more ] being 8nm or less, by a magnetization free layer 
consisting of the ferromagnetic ingredient containing FeCoB or FeCoNiB. 
[0024] 

According to the configuration of the magnetic memory apparatus of 
above-mentioned this invention, since it has a magneto-resistive effect 
component, and the word line and bit line whose magneto-resistive effect 
component is pinched in the thickness direction, and the magnetic 
properties of magneto-resistive effect components, such as a magnetic- 
reluctance ratio, the square shape nature of a resistance-magnetic field 



curve, and dispersion of coercive force, are improved as mentioned above 
when a magneto-resistive effect component is the configuration of the 
magneto-resistive effect component of above-mentioned this invention, 
the error in writing and read-out of information can be reduced. 
[0025] 

[Embodiment of the Invention] 

This invention is the magneto-resistive effect component of a 

configuration of obtaining magnetic-reluctance change by a pair of 
ferromagnetic layer coming to counter through an interlayer, and passing 
a current perpendicularly to a film surface, one side of a ferromagnetic 
layer is the magnetization fixed bed, another side is a magnetization 
free layer, a magnetization free layer consists of the ferromagnetic 
ingredient containing FeCoB or FeCoNiB, and the thickness of a 
magnetization free layer is 2nm or more magneto-resistive effect 
component it is [ component ] 8nm or less. 
[0026] 

Moreover, this invention is considered as the configuration which is a 
tunnel magneto-resistive effect component using the tunnel barrier layer 
which consists of an insulator or a semi-conductor as the middle class 
in the above-mentioned magneto-resistive effect component. 
[0027] 

Moreover, this invention is considered as the configuration which has 
laminating ferry structure in the above-mentioned magneto-resistive 
effect component. 
[0028] 

The magneto-resistive effect component designed so that this invention 
might have ferromagnetic tunnel association which changes on both sides 
of a tunnel barrier layer between a pair of ferromagnetic layers and a 
current might flow perpendicularly to a film surface. It is the magnetic 
memory apparatus equipped with the word line and bit line whose magneto- 
resistive effect component is pinched in the thickness direction. One 
side of a ferromagnetic layer is the magnetization fixed bed, another 
side is a magnetization free layer, a magnetization free layer consists 
of the ferromagnetic ingredient containing FeCoB or FeCoNiB, and the 
thickness of a magnetization free layer is magnetic 2nm or more memory 
apparatus it is [ memory apparatus ] Bnm or less. 
[0029] 

Moreover, this invention considers a magneto-resistive effect component 
as the configuration which is a tunnel magneto-resistive effect 
component using the tunnel barrier layer which consists of an insulator 
or a semi-conductor as the middle class in the above-mentioned magnetic 



memory apparatus. 
[0030] 

Moreover, in the above-mentioned magnetic memory apparatus, a magneto- 
resistive effect component considers this invention as the configuration 
which has laminating ferry structure. 
[0031] 

First, the outline block diagram of the gestalt of 1 operation of the 
magneto-resistive effect component of this invention is shown in drawing 
1 . The gestalt of operation shown in this drawing 1 shows the case 
where this invention is applied to a tunnel magneto-resistive effect 
component (a TMR component is called hereafter. ) . 
[0032] 

On the substrate 2 which consists of silicon etc., the laminating of the 
substrate layer 3, the antiferromagnetisra layer 4, the magnetization 
fixed bed 5 that is a ferromagnetic layer, the tunnel barrier layer 6, 
the magnetization free layer 7 which is a ferromagnetic layer, and the 
topcoat layer 8 is carried out to this order, and this TMR component 1 
is constituted. That is, the ferromagnetic tunnel junction 9 is formed 
by constituting the so-called spin bulb type with which one side of a 
ferromagnetic layer was used as the magnetization fixed bed 5, and 
another side was used as the magnetization free layer 7 of TMR component, 
and putting the tunnel barrier layer 6 in the magnetization fixed bed 5 
and the magnetization free layer 7 which are a pair of ferromagnetic 
layer. 

And when this TMR component 1 is applied to a magnetic memory apparatus 
etc., the magnetization free layer 7 turns into an information recording 
layer, and information is recorded there. 
[0033] 

The antiferromagnetisra layer 4 is a layer for not reversing 
magnetization of the magnetization fixed bed 5 and seting always 
constant the sense of magnetization of the magnetization fixed bed 5 
also by the current field for writing, by a ferromagnetic layer's coming 
out on the other hand, and combining with a certain magnetization fixed 
bed 5 in antiferromagnetisra. That is, in the TMR coraponent 1 shown in 
drawing 1 , flux reversal only of the raagnetization free layer 7 which 
is a ferromagnetic layer of another side is carried out by an external 
magnetic field etc. Since the magnetization free layer 7 turns into a 
layer on which information is recorded when the TMR component i is 
applied to for example, a magnetic memory apparatus etc., it is also 
called an information recording layer. 

As an ingredient which constitutes the antiferromagnetisra layer 4, Mn 



alloy containing Fe, nickel, Pt, Ir, Rh, etc., Co oxide, nickel oxide, 

etc. can be used. 

[0034] 

As a ferromagnetic material which constitutes the magnetization fixed 
bed 5, although there is especially no limitation, it can use the alloy 
ingredient which consists of one sort of iron, nickel, and cobalt, or 
two sorts or more. 

[0035] 

In the TMR component 1 of the spin bulb mold shown in drawing 1 , it 
sets the magnetization fixed bed 5 constant in the sense of 
magnetization by combining with the antiferromagnetism layer 4 in 
antiferromagnetism. For this reason, magnetization of the magnetization 
fixed bed 5 is not reversed by the current field in the case of writing, 
either. 
[0036] 

The tunnel barrier layer 6 is a layer for passing tunnel current while 
separating magnetically the magnetization fixed bed 5 and the 
magnetization free layer 7. 

As an ingredient which constitutes the tunnel barrier layer 6, 
insulating materials, such as oxides, such as aluminum, Mg, Si, Li, and 
calcium, a nitride, and a halogenide, can be used, for example. 

[0037] 

Such a tunnel barrier layer 6 can be obtained by oxidizing or nitriding 
the metal membrane formed by the sputtering method, vacuum deposition, 
etc. 

Moreover, it can obtain also with the CVD method using an organic metal, 

oxygen, ozone and nitrogen, a halogen, halogenation gas, etc. 

[0038] 

Especially in the gestalt of this operation, it considers as the 
configuration which consists of the ferromagnetic ingredient with which 
the magnetization free layer 7 contains CoFeB or CoFeNiB. 
By considering as such a configuration, it becomes possible to make a 
TMR ratio (magnetic-reluctance ratio) high, and to reduce coercive force 
He. Moreover, it becomes possible to improve the square shape nature of 
a resistance-magnetic field curve (R-H curve), 
[0039] 

Here, the TMR component in the case where a magnetization free layer 
contains the ferromagnetic ingredient of a presentation of Co72Fe eight 
B20 (atomic %) which is within the limits of this invention, and changes, 
and the case of containing the ferromagnetic ingredient of a 
presentation of Co90FelO (atomic %), and changing is actually produced. 



respectively, and the result of having measured the resistance-external 
magnetic field curve about these is shown in drawing 2 . The case where 
a drawing solid line is Co72Fe eight B20 is shown, and the case where a 
drawing destructive line is CoQOFelO is shown. 
With the TMR component of a configuration of consisting of the 
ferromagnetic layer in which a magnetization free layer contains Fe, Co, 
and B, it turns out that it is possible to reduce coercive force He as 
compared with the TMR component which consists of the ferromagnetic 
layer in which a magnetization free layer contains only Fe and Co, 
maintaining a TMR ratio highly so that clearly from drawing 2 . Moreover, 
while the square shape nature of a resistance-external magnetic field 
curve (R-H curve) improves, it turns out that a Barkhausen noise is also 
reduced. Therefore, according to this invention, the configuration of an 
asteroid curve is also improved, it writes in reduction of a write-in 
current is not only attained, but, a property improves, and it becomes 
possible to aim at reduction of a write error. 
[0040] 

In addition, as the optimal range exists in the presentation of FeCoB 
and FeCoNiB and being indicated to the application for patent No. 106926 
[ 2002 to ] It is desirable to consider as 5<=x<=45, 35<=y<=85, and the 
range that fills 10<=z<=30 in FexCoyBz (atomic %), and it sets to 
FeaCobNicBd (atomic %). It is desirable to consider as 5<=a<=45, 
35<=b<=85, 0< c<=35, and the range that fills 10<=d<=30. 
[0041] 

Furthermore, thickness of the magnetization free layer 7 is set to 2nm 
or more 8nra or less in the gestalt of this operation. 
While making a TMR ratio high by considering as such thickness range, 
dispersion in the coercive force of the magnetization free layer 7 can 
be reduced. Since dispersion in the coercive force of the magnetization 
free layer 7 is reduced, dispersion in the reversal field which reverses 
magnetization of the magnetization free layer 7 can be reduced. Moreover, 
the magnetic reversal of the magnetization free layer 7 becomes steep. 
[0042] 

The read-out property at the time of applying, for example to a magnetic 
memory apparatus from the TMR ratio of the TMR component 1 becoming it 
small that the thickness of the magnetization free layer 7 is less than 
2nm worsens. 

When the thickness of the magnetization free layer 7 is over Snm, 
incompleteness will be brought to the write-in actuation at the time of 
applying, for example to a magnetic memory apparatus from what the 
magnetic reversal of the magnetization free layer 7 will not happen 



steeply (responsibility worsens). 
[0043] 

According to the configuration of the TMR component 1 of the gestalt of 
this above-mentioned operation, by consisting of the ferromagnetic 
ingredient with which the magnetization free layer 7 contains CoFeB or 
CoFeNiB, when the thickness of the magnetization free layer 7 is 2nm or 
more 8nm or less, a high TMR ratio (magnetic-reluctance ratio) is 
obtained, and the square shape nature of a resistance-magnetic field 
curve can be improved. Moreover, while reducing coercive force He, the 
dispersion can be controlled, and the configuration of the asteroid 
curve of the TMR component 1 can be improved. Furthermore, the magnetic 
reversal of the magnetization free layer 7 can also happen steeply. 
[0044] 

When this applies the TMR component 1 to the magnetic memory apparatus 
which has many TMR components and changes, a write error can be reduced 
by improving the configuration of the asteroid curve of the TMR 
component 1, and making steep flux reversal of the magnetization free 
layer 7, and improving a write-in property. 

Moreover, when a TMR component is applied to the magnetic head and the 
magnetometric sensor which have and change, it becomes possible to 
prevent controlling the gap from the design value of a reversal field, 
and improving the manufacture yield, and a malfunction. 
[0045] 

In addition, in this invention, each of the magnetization fixed bed 5 as 
shown in drawing 1 , and the magnetization free layer 7 is not limited 
to the TMR component 1 which consisted of monolayers. 
For example, as shown in drawing 3 , even if it is the case where it 
considers as the laminating ferry structure where the magnetization 
fixed bed 5 puts nonmagnetic conductor layer 5c, and becomes by 1st 
magnetization fixed-bed 5a and 2nd magnetization fixed-bed 5b, the 
effectiveness of this invention can be acquired. 
[0046] 

With the TMR component 10 shown in drawing 3 , 1st magnetization fixed- 
bed 5a is in contact with the antiferromagnetism layer 4, and 1st 
magnetization fixed-bed 5a has the magnetic anisotropy of a strong one 
direction by the exchange interaction committed among these layers. 
Moreover, 2nd magnetization fixed-bed 5b counters with the magnetization 
free layer 7 through the tunnel barrier layer 6, and since the sense of 
spin is compared with the magnetization free layer 7 and serves as a 
ferromagnetic layer in connection with a direct MR ratio, it is also 
called a reference layer. 



[0047] 

As an ingredient used for nonmagnetic conductor layer 5c of laminating 
ferry structure, Ru, Rh, Ir, Cu, Cr, Au, Ag, etc. are mentioned, for 
example. In the TMR component 10 of drawing 3 , since other layers are 
the almost same configurations as the TMR component 1 shown in drawing 
1 , they attach the same sign as drawing 1 , and omit detailed 
explanation. 
[0048] 

Also in the TMR component 10 which has this laminating ferry structure, 
when it consists of the ferromagnetic ingredient with which the 
magnetization free layer 7 contains CoFeB or CoFeNiB and the thickness 
of the magnetization free layer 7 considers as 2nm or more configuration 
it is [ configuration ] 8nm or less, like the TMR component 1 showed in 
drawing 1 , a high TMR ratio ( magnetic-reluctance ratio) is obtain, and 
the square shape nature of a resistance-magnetic field curve can be 
improve. Moreover, while reducing coercive force He, the dispersion can 
be controlled, and the configuration of the asteroid curve of the TMR 
component 10 can be improved. Furthermore, the magnetic reversal of the 
magnetization free layer 7 can also happen steeply. 
[0049] 

In addition, with the gestalt of above-mentioned operation, although the 
TMR components (tunnel magneto-resistive effect component) 1 and 10 were 
used as a magneto-resistive effect component, a pair of ferromagnetic 
layer can counter through an interlayer, and this invention can be 
applied also to the magneto-resistive effect component of others which 
have the configuration which passes a current perpendicularly to a film 
surface and obtains magnetic-reluctance change. 

For example, this invention is applicable to the so-called CPP type of 
the configuration which passes a current perpendicularly to a film 
surface and acquires a magneto-resistive effect with the giant magneto- 
resistance component (GMR component) using nonmagnetic conductive layers, 
such as Cu, as an interlayer, i. e. , GMR component. 
[0050] 

Furthermore, unless the essence of this invention is spoiled, various 
deformation is possible for the ingredient of the magnetization fixed 
bed or the ant i ferromagnetic substance, the existence of an 
antiferromagnetic substance layer, the existence of the laminating ferry 
structure by the side of the magnetization fixed bed, etc. 
[0051] 

The above TMR components 1 and the magneto-resistive effect component of 
10 grades are used for magnetic memory apparatus, such as MRAM, and are 



suitable. Hereafter, MRAM using the TMR component of this invention is 
explained, referring to drawing, 

[0052] 

The MRAM array of a cross point mold which has the TMR component of this 
invention is shown in drawing 4 . This MRAM array has two or more word 
lines WL and two or more bit lines BL which intersect perpendicularly 
with these word lines WL, and has the memory cell 11 which the TMR 
component of this invention is arranged and grows into the intersection 
of a word line WL and a bit line BL. That is, in this MRAM array, the 
memory cell 11 of 3x3 is arranged in the shape of a matrix. 
[0053] 

in addition, as a TMR component used for a MRAM array In the magneto- 
resistive effect component of a configuration of obtaining magnetic- 
reluctance change by passing a current perpendicularly to the TMR 
component 10 grade and film surface which are shown in drawing 3 which 
is not limited to the TMR component 1 shown in drawing 1 , but has 
laminating ferry structure It may consist of the ferromagnetic 
ingredient with which a magnetization free layer contains CoFeB or 
CoFeNiB, and as long as thickness is 2nm or more configuration of being 
8nm or less, you may be what kind of configuration. 
[0054] 

Moreover, one memory cell is taken out from an a large number memory 
cell to a memory apparatus, and cross-section structure is shown in 

drawing 5 . 

Each memory cell 11 has the transistor 16 which consists of the gate 
electrode 13, a source field 14, and a drain field 15 on a silicon 
substrate 12, as shown in drawing 5 . The gate electrode 13 constitutes 
the word line WLl for read-out. On the gate electrode 13, it writes in 
through an insulating layer and the word line (it is equivalent to the 
WORD write-in line mentioned above) ■WL2 of business is formed. The 
contact metal 17 is connected to the drain field 15 of a transistor 16, 
and the substrate layer 18 is further connected to the contact metal 17. 
The TMR component 1 of this invention is formed in the location [ / 
above the word line WL2 for the writing on this substrate layer 18 ]. On 
this TMR component 1, the bit line (it is equivalent to the bit write-in 
line mentioned above) BL which intersects perpendicularly with word 
lines WLl and WL2 is formed. In addition, the substrate film 18 is also 
called a bypass from the role which carries out electrical installation 
of the TMR component 1 and the drain field 15 where flat-surface 
locations differ. 

Moreover, it has the interlayer insulation film 19 for insulating each 



word lines WLl and WL2 and the TMR component 1 and an insulator layer 20, 
the passivation film (not shown) that protects the whole, and changes. 

[0055] 

Since the TMR component 1 considered as the configuration which is 
specification within the limits which consisted of the ferromagnetic 
ingredient with which the magnetization free layer 7 contains CoFeB or 
CoFeNiB, and the thickness of the magnetization free layer 7 mentioned 
above is used for this MRAM, it is extremely excellent in a TMR output, 
and its stability of memory actuation improves by leaps and bounds. 
Moreover, since a noise decreases in a resistance-magnetic field curve 
(R-H curve), coercive force becomes homogeneity and an asteroid property 
improves, reduction of a write error can be aimed at. Furthermore, since 
the flux reversal of the magnetization free layer 7 becomes steep, 
write-in actuation is made completely. 

That is, it can be satisfied with coincidence of a read-out property and 

a write-in property. 

[0056] 

(Example) 

Hereafter, the concrete example which applied this invention is 
explained based oh an experimental result. 

In addition, as shown in drawing 5 , the transistor 16 for switching 
existed in MRAM in addition to TMR component 1, but in this example, in 
order to investigate a TMR property, the wafer in which only the 
ferromagnetic tunnel junction as shown in drawing 6 and drawing 7 was 
formed performed measurement and evaluation of a property. 
And when FeCoB or FeCoNiB was used for a magnetization free layer, the 
effectiveness which the thickness exerts on a TMR ratio or magnetic 
properties was examined. 
[0057] 

As a component TEG for characterization (Test Element Group), on a 
substrate 21, the word line WL and the bit line BL intersected 
perpendicularly, and have been arranged, and the structure [ in / to a 
top view / drawing 6 ] where the TMR component 22 was formed in the 
crossing part of these word lines WL and a bit line BL was produced so 
that a sectional view [ in / to drawing 7 / A-A of drawing 6 ] might be 
shown, respectively, the TMR component 22 is elliptical and terminal 
pads 23 and 24 form this TEG in the both ends of a word line WL and a 
bit line BL, respectively — having — a word line WL and a bit line BL 
— aluminum 203 from — it has composition mutually insulated 
electrically by the insulator layers 25 and 26 which change. 
In addition, the elliptical TMR component 22 produced the thing of three 



kinds of dimensions, 1. 2 micrometers of 0. 6 micrometer x major axes of 
minor axes, 1. 6 micrometers of 0. 8 micrometer x major axes of minor axes, 
and 4. 0 micrometer [ of 2. 0 micrometer x major axes of minor axes ] **. 
[0058] 

TEG specifically shown in the drawing 6 ****7 as follows was produced. 
First, the substrate 21 which consists of the silicon with a thickness 
of 0.6mm with which the thermal oxidation film (2 micrometers in 
thickness) was formed in the front face was prepared. 
Next, the ingredient of a word line was formed on this substrate 21, 
after carrying out a mask by the photolithography, parts other than a 
word line were alternatively etched by Ar plasma, and the word line WL 
was formed. At this time, fields other than word line WL were etched to 
a depth of 5nm of a substrate 21. 

Then, the word line WL was covered, the insulator layer 26 was formed, 

and flattening of the front face was carried out. 

[0059] 

Then, the TMR component 22 which consists of the following lamination 

(1) was produced by the well-known lithography method and well-known 

etching. As for lamination (1), the left-hand side of / has become the 

substrate side, and the inside of () shows thickness. 

Ta (3nm) /PtMn (30nm) /CoFe (3nm) /Ru (0. 8nm) /CoFe (2. 5nm) /Al (Inm) -Ox 

/FeCoB (tnm) /Ta (5nm) -(1) 

[0060] 

In addition, the presentation of FeCoB which constitutes a magnetization 
free-among above-mentioned lamination (1) layer was set to FeSCo 72B20 
(atomic %) or Fe20Co 60B20 (atomic %). 

Moreover, the presentation of each CoFe film was set to Co75Fe25 

(atomic %). 

[0061] 

aluminum-Ox of the tunnel barrier layer 6 The film was formed by making 
Inm of metal aluminum film deposit by DC spatter first, setting flow 
rate of oxygen/argon to 1:1 after that, setting chamber gas pressure to 
0. ImTorr(s), and carrying out plasma oxidation of the metal aluminum 
film by the plasma from ICP (inductively coupled plasma). Oxidation time 
amount was made into 30 seconds by this example, although it was 
dependent on the ICP plasma output. 
[0062] 

Moreover, aluminura-Qx of the tunnel barrier layer 6 Film other than the 
film formed membranes by the DC magnetron sputtering method. 

[0063] 

Next, the heat treating furnace in a magnetic field performed the inside 



of the field of lOkOe, heat treatment of 4 hours was performed at 265 
degrees C, regulation-ized heat treatment of the PtMn layer which is an 
antiferromagnetism layer was performed, and the ferromagnetic tunnel 
junction 9 was formed. 

Then, patterning of the TMR component 22 and the insulator layer 26 
under it was carried out, and the TMR component 22 which has the flat- 
surface pattern shown in drawing 6 was formed. 

Furthermore, aluminum 203 By carrying out a spatter, the insulating 
layer 25 with a thickness of about lOOnm was formed, the bit line BL and 
the terminal pad 24 were further formed by the photolithography, and TEG 
shown in drawing 6 and drawing 7 was obtained. 
[0064] 

About TEG of the produced sample, the R-H curve was measured as follows 
and it asked for a TMR ratio, coercive force, and its dispersion and 
remanence ratio from the R-H curve further. 
[0065] 

(Measurement of a R-H curve) 

Although flux reversal of the magneto-resistive effect component was 
carried out and information was written in by the current field in 
magnetic memory apparatus, such as the usual MRAM, resistance was 
measured in this example by making a magneto-resistive effect component 
magnetize by the external magnetic field. That is, the external magnetic 
field (reversal field) for carrying out flux reversal of the 
magnetization free layer of the TMR component 22 first was impressed so 
that it might become parallel to the easy axis of a magnetization free 
layer. Magnitude of the external magnetic field for measurement was set 
to lOOOe. 
[0066] 

Next, while seeing from the one side of the easy axis of a magnetization 
free layer and carrying out the sweep from -lOOOe to +1000e, it adjusted 
so that the bias voltage concerning the terminal pad 23 of a word line 
WL and the terminal pad 24 of a bit line BL might be set to lOOmV, and 
tunnel current was passed to the ferromagnetic tunnel junction. The 
resistance over each external magnetic field at this time was measured, 
and the R-H curve was obtained. 
[0067] 
(TMR ratio) 

The condition of anti-parallel has magnetization of the magnetization 
fixed bed and a magnetization free layer, an parallel condition has the 
resistance of the condition that resistance is high, and magnetization 
of the magnetization fixed bed and a magnetization free layer. 



resistance measured the resistance of a low condition, and it asked for 

the TMR ratio (magnetic-reluctance rate of change) from these. 

In addition, as for the viewpoint of acquiring a good read-out property 

to this TMR ratio, it is desirable that it is 45% or more. 

[0068] 

(Dispersion in coercive force He) 

The R-H curve was measured with the above-mentioned measuring method, 
from the R-H curve, magnetization of the magnetization fixed bed and a 
magnetization free layer is in the condition of anti-parallel, the 
resistance in the condition that resistance is high, and magnetization 
of the magnetization fixed bed and a magnetization free layer are in an 
parallel condition, the average with the resistance in the condition 
that resistance is low was calculated, and the value of an external 
magnetic field in case the resistance of this average is acquired was 
made into coercive force He. This coercive force He was performed to all 
the components (TEG) in a wafer, and it asked for such averages and 
standard deviation sigma. And sigma/ (average of He) was made into the 
value of dispersion in coercive force He. 

In addition, as for dispersion in the viewpoint of aiming at improvement 
in a write-in property to the coercive force He, it is desirable that it 
is 10% or less. 
[0069] 

first, the presentation of a magnetization free layer — the size of 
FeSCo 72B20 (atomic %) and the TMR component 22 — 0. 8x1. 6micrometer2 it 
is — the resistance-magnetic field curve (R-H curve) when changing the 
thickness t of a magnetization free layer with 1. 5nm, 3nm, and lOnm is 
shown in drawing 8 . In addition, the axis of ordinate shows the rate 
(%) from which resistance changed with tunnel magnetic effects (TMR) 
instead of resistance. 
[0070] 

As shown in drawing 8 , in the case of t= 3nra of thickness of a 
magnetization free layer, a high TMR ratio and steep flux reversal are 
realized. In addition, although not illustrated, when the thickness t of 
a magnetization free layer was within the limits which is 2 nra<=t<=8nm, 
such an ideal R-H curve was observed. 

Moreover, when a magnetization free layer is thinner than 2nm, in t= 
1. 5nm, the TMR ratio has decreased to 20%. This is because the 
magnetization free layer cannot fully hold magnetization. 
Furthermore, in t= lOnm, when a magnetization free layer is thicker than 
8nm, although a TMR ratio maintains a high value, magnetic reversal has 
happened at two steps and it turns out that the 2nd reversal is very 



loose. 

In magnetic memory apparatus, such as MRAM, in order to perform 
selection writing, when it is required for magnetization to be steeply 
reversed and this point is taken into consideration, it turns out that 
it is inconvenient to make a magnetization free layer thicker than 8nm. 
[0071] 

Then, the relation between the thickness of the magnetization free layer 
at the time of changing the thickness t of a magnetization free layer 
with 1. 5nm, 2nm, 2. 5nm, 3nm, 4nm, 6nm, 8nm, and lOnm, and the average of 
a TMR ratio and coercive force He and dispersion of coercive force He is 
shown in drawing 9 A, drawing 9 B, and drawing 9 C, respectively by 
setting the presentation of a magnetization free layer to FeSCo 72B20 
(atomic %). 

Moreover, the relation between the thickness of the magnetization free 
layer at the time of changing the thickness t of a magnetization free 
layer like drawing 9 A - drawing 9 C, and the average of a TMR ratio and 
coercive force He and dispersion of coercive force He is shown in 
drawing 10 A, drawing 10 B, and drawing 10 C, respectively by setting 
the presentation of a magnetization free layer to Fe20Co 60B20 
(atomic %). 
[0072] 

In [ any ] the presentation, from drawing 9 A and drawing 10 A, the 
value which can bear a TMR ratio at 45% or more and practical use when 
the thickness of a magnetization free layer is 2nm or more was shown. It 
is saturated with FeSCo 72B20 (atomic %), and when thickness of a 
magnetization free layer is set to about 3nm, it is saturated with 
Fe20Co 60B20 (atomic %) in 57% of value 54%, respectively. 
[0073] 

Coercive force He (average) increases from drawing 9 B and drawing 10 B 
in monotone with thickness, when the thickness of a magnetization free 
layer is the range which is 2nm - 3nm. In this range, in order to 
acquire the required coercive force He, it is possible to adjust the 
thickness of a magnetization free layer. Like a TMR ratio, if the 
thickness of a magnetization free layer is set to Snra or more, the 
reversal field He will hardly increase. 

However, as mentioned above, when the. thickness of a magnetization free 
layer is thicker than 8nm, it is necessary to notice flux reversal about 
it not being steep. 
[0074] 

Furthermore, although it will be based also on component size from 
drawing 9 C and drawing 10 C if dispersion in coercive force He is seen, 



with a detailed component (** mark of each drawing), it turns out that 
the thickness of a magnetization free layer has the minimum by about 4nm. 
And when the thickness of a magnetization free layer exceeds less than 
2nm or 8nm, it turns out that coercive force dispersion increases 
rapidly. 
[0075] 

It became clear that write in when it turns out that the magnetic 
properties of the TMR component 22 become good by setting thickness of a 
magnetization free layer to 2nm or more 8nm or less, therefore applies 
to magnetic memory apparatus, such as MRAM, and a property and a read- 
out property are greatly improved from the above result. 
[0076] 

In addition, although it was the case where FeCoB was used for a 
magnetization free layer, in this example, it writes in, when the 
magnetic properties of the TMR component 22 become good and it applies 
to magnetic memory apparatus, such as MRAM, similarly [ when FeCoNiB is 
used for a magnetization free layer ] by setting thickness of a 
magnetization free layer to 2nm or more 8nm or less, and a property and 
a read-out property are improved greatly. 
[0077] 

in addition, the hard disk drive which carried not only the magnetic 
memory apparatus that mentioned above the magneto-resistive effect 
components (TMR component etc. ) of this invention but the magnetic head 
and this magnetic head, a magnetometric sensor, and an integrated 
circuit chip — it is further applicable to various electronic equipment 
including a personal computer, a personal digital assistant, and a 
cellular phone, electronic equipment, etc. 
[0078] 

This invention is not limited to the gestalt of above-mentioned 
operation, and, in addition to this, various configurations can take it 
in the range which does not deviate from the summary of this invention. 
[0079] 

[Effect of the Invention] 

According to the magneto-resistive effect component of above-mentioned 
this invention, it becomes possible to improve the steepness of flux 
reversal, while improving magnetic-reluctance rate of change (magnetic- 
reluctance ratio) and improving the square shape nature of a resistance- 
magnetic field curve, and to improve dispersion in coercive force. 
Therefore, the magneto-resistive effect component which is stabilized 
and has good magnetic properties can be constituted. 
Thereby, when a magneto-resistive effect component is applied to a 



magnetic memory apparatus, a write error and a read-out error can be 
reduced and the outstanding write-in property and the outstanding read- 
out property are acquired. 
[0080] 

Moreover, according to the magnetic memory apparatus of this invention, 
there are very few write errors and read-out errors, and they can 
constitute the outstanding magnetic memory apparatus which writes in, 
has a property and a read-out property, and stabilizes and operates. 
[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the TMR component of the 
gestalt of 1 operation of this invention. 

[Drawing 2] It is drawing which compared the resistance-external 
magnetic field curve of a TMR component by the case where the case where 
CoFeB is used for a magnetization free layer, and CoFe are used. 

[Drawing 3] It is the outline block diagram of the TMR component which 
has laminating ferry structure. 

[Drawing 4] It is the outline block diagram showing the important 
section of the cross point mold MRAM array which has the TMR component 
of this invention as a memory cell. 

[Drawing 5] It is the expanded sectional view of the memory cell shown 
in drawing 4 . 

[Drawing 6] It is the top view of TEG for evaluation of a TMR component. 

[Drawing 7] It is a sectional view in A-A of drawing 6 . 

[Drawing 8] It is drawing showing the resistance-magnetic field curve 

when changing the thickness of a magnetization free layer. 

[Drawing 9] It is drawing having shown the thickness at the time of 

using Fe9Co 72B20 for a magnetization free layer, and the relation of 

magnetic properties. 

A It is drawing showing the relation between the thickness of a 
magnetization free layer, and a TMR ratio. 

B It is drawing showing the relation between the thickness of a 

magnetization free layer, and coercive force. 

C It is drawing showing the relation between the thickness of a 

magnetization free layer, and coercive force dispersion. 

[Drawing 10] It is drawing having shown the thickness at the time of 

using Fe20Co 60B20 for a magnetization free layer, and the relation of 

magnetic properties. 

A It is drawing showing the relation between the thickness of a 
magnetization free layer, and a TMR ratio. 

B It is drawing showing the relation between the thickness of a 
magnetization free layer, and coercive force. 



C It is drawing showing the relation between the thickness of a 
magnetization free layer, and coercive force dispersion. 
[Description of Notations] 

1, 10, and 22 2 A tunnel magneto-resistive effect component (TMR 
component) and 21 Substrate, 3 A substrate layer and 4 An 
antiferromagnetism layer and 5 The magnetization fixed bed and 5a The 
1st magnetization fixed bed, 5b — the 2nd magnetization fixed bed 
(reference layer) and 5c A nonmagnetic conductor layer and 6 A tunnel 
barrier layer and 7 A magnetization free layer and 9 A ferromagnetic 
tunnel junction and 11 A memory cell, and 23 and 24 A pad, and WL, WLl 
and WL2 A word line and BL Bit line 
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magnetization free layer, and a TMR ratio. 
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C It is drawing showing the relation between the thickness of a 
magnetization free layer, and coercive force dispersion. 
[Drawing 10] It is drawing having shown the thickness at the time of 
using Fe20Co 60B20 for a magnetization free layer, and the relation of 
magnetic properties. 

A It is drawing showing the relation between the thickness of a 
magnetization free layer, and a TMR ratio. 

B It is drawing showing the relation between the thickness of a 
magnetization free layer, and coercive force. 
C It is drawing showing the relation between the thickness of a 
magnetization free layer, and coercive force dispersion. 
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If tt s ^ p ^ K s -r 5 s s o 

[0016] 

Lt^br^li^^. T M R^?0§SiKttS0lPfif4^S«-r SJf^tC. S(A)<DPlRt;P2 
T-^3n5Xlf^«-«i^*^;'ct < ^Scfc^ft^^fflfig^C o, Fe. N i OSiilKliS©^ 
JS7c^cD*^^^ii-i:-r5tti|^!5)^?.aS?-r5i:.-flS:WlcTMR^?©fSSI£:'3Hc*^ii;*:-r 
5 M [«1 & 5 o 
[0017] 

fiajAtf. C o 7 5 F e 2 5 ^^1^^. iifkgSS ( 7 U - » ) BP ^ '[S fS IB S ii 

tcfflv^fc^^ta. xtf < 4 0 %W±<0]Sii/^TMRtbA^5S{*-et 

mtlH c < ^So 

[0018] 

#c{itt^^;^^LT^p.n5^^-■TD1'^:llf^ft^§Ni soFezo 
5 (M?%) ^^ttmi.x7.\fy^mmti''i&^^rctbKTMRttt>^3 3%m&i^xi&yL 

Xh^ o o 
[00 1 9 ] 

^6 1C. ±aiO2-:>cDffi^cD^^Oft5F^(D#tt^W-r§Co90Fe 1 0 (M?%) 
^m^^^t. m3 7%OTMRj:t7bM#P.n5i:«t, {SjK;^Hc*J:ai©Co 7 5 F e 2 
5 (II?%)^^i;Ni80Fe20 (lM?%)^^i:Oct'HSati:«I^6n§A^ R- 

[ 0 0 2 0 ] 
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[ 0 0 2 1 ] 

i. © T- S o 
[ 0 0 2 2 ] 

* ig 0^ © a ^ ^ ^ u g ■ a . w o §s a tt ii o ri > u 7 s ^ » ^ sJc ^ 3i e h 

. c:a)!iMgffiJa?a*«7^)¥^^^f^oicttty7- K^SU~(i'>y hlit^iix.. 

eCoNi B«:$W-r5®aStt«i|Stjb^P,^t3, !5)>oSS{bg*g(^li»A^2nmJii±8nin 
iJ^ T T' 5 t, CD T' 5 o 
[ 0 0 2 3 ] 

±KE(D*l§^©iiMSiiiaS*?©^ifiglC J:ntf, fi8<bS*»tt F e C o B^V^a F e C 
oN i B^^^r^^m^^nfJ^^^*). tt^'omit^^mcommtl^ 2nmJ;<±8nmJWT 

[ 0 0 2 4 ] 20 

[ 0 0 2 5 ] 

[ 58 © S ffi © «l ] 

^{biaSW-Cfefp. o -IStimitS^mX^ >J s K^kSSi■^iFeCoBg!cV^^iFeC 30 
oN i B^^^t ^^mn.^nii'Bj^>) . *^OfiS{bii»©Mi¥A^2nmJ-X±8nmiXT 

[ 0 0 2 6 ] 

[ 0 0 2 7 ] 

[ 0 0 2 8 ] 

tiP e C 0 N i B^^^nt^^m^Unt'lh^*). *^OfiS{bgSSOMlP*^2 niniU±8 

n muy X & ^m%.^ =t V mmr & ^ 0 

[ 0 0 2 9 ] 
[ 0 0 3 0 ] 
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[ 0 0 3 1 ] 
[ 0 0 3 2 ] 

m^msttn. mistmits^m ? t^nrc. v^^^f* s x e t m r lo 

[ 0 0 3 3 ] 

T M R 1 ^fiflJxtfffiM>< * U SBIIlCjiffl Ufcii^lC'H^gA^fB^^n^ 20 
R^m^m 4^miS.t^UntLXli. ? e . N i . Pt. Ir, Rh^^^tJMn^^ 
[ 0 0 3 4 ] 

[ 0 0 3 5 ] 

0 Mc^-rxeyA;i/:/s©TMR^? 1 Kfei/^-ra. ii^bsssstt, s5iiittM4i: 

cD«?5itiSW^C<t^TfeBS{k@S» 5 Oii{taSi|iEL*V^o 30 
[ 0 0 3 6 ] 

h y ^wi//^ U 711 6 ^ibH^ii 5 i:il{ke SB 7 ^ ^S^MWtc^^-H-r ;s i; tc. h 

hy^jif^vrme^m^t^tintLxu. m^iik I . Mg, si, Li. ca^© 

[ 0 0 3 7 ] 

m^. mitxitmitt ^ c tic j;: i)n^ c tif^x^ 

t/c. wa^Hi:. mm. /Nny>. /Nn-^^-y^b^'X^ii^fflv^^ C V D 

S J; o T f# 5 c: t ;?)^ -C t ^ o 40 
[ 0 0 3 8 ] 

*^M£DJf^«ltCt3l^Tti. !RflClifl:giS7A^C o F e BlgV^aC o F e N i B^^^t 
5 SiSKtttf if4!b^ 6 fig S i: f 5 = 

<1(0 o rjimi&tt ?> C tK^ to . TMRtb (ji^®fitJt) ^iS<LT, Umtllic^i& 

nl tl tJ: * 5 o 
[ 0 0 3 9 ] 

Ccl-e. ^{kSSii*^ *fg0^©IBHl*IT'feSCo72Fe8B2O Offlfig© 
?i«tt«5P^I-?r^WLTfi)c§ii^i:^ C o 9 0 F e 1 0 (DMfS.cO^m'&Mn^ ^ 

w tTfig^ti-^o T MR ji^^^n^nnisicf^igL. cn^ic-Di^^xmR-numm^ so 
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f^^'m-^Ltci^^^^m 2 KTTst o HffSSSA^'C o 7 2 F e 8 B 2 OtDlf^^^L. m^P^ 
i^*<Co90Fe 1 0 (Dm-^^Bt o 

112 cfc 5 tc. m^kiiHA^F e . Co. B ^ ^ ^ f 5 3fi 14 S 5b^ P. fig 5 fig 

^titmLX. T MR it ^l$<mWL ■O'OUmtlH c ^{&Wit?> C tti^-oSmT3b?> C tii^ 

[ 0 0 4 0 ] 10 

FeCoBRtfFeCoNiBOfflfiiclcag3ili5fflA<#ftL. ^tM2002-106 
926^lCfB|gLfccfc9tC. FexCoyBz tC^iV^T. 5^x^45, 35 

^y^85, I 0 ^ z ^ 3 0 :^mrct mm tt ^ C tt/ifffl^L < . S/-cFeaCobNi 
c B d Kfe-V^T, 5^3^45. 35^b^85, 0<c^3 5\ lO^d^ 

3 o^mrctmm tt^c tti'^ttft L\>^o 

[ 0 0 4 1 ] 

*^SSO?gHgtCt3l/^T«. lSfl:SS»7(Dli)»;&2 nmJ-;^±8 nmJ.XTi:-r§ = 

ti (0 lb -o ^ ^ i&mt ^ c 1 X ^ ^ . miti^ 7 (o um,ti (D li ^ t ^ i&mt ^ (D X 
. mit^^m7<Dmit^^%st^s.^un(Dis^-:>^^i&mt^ctti^x^^o ttz. m 20 
s s » 7 © is <D s Ie *^ m ;^ ^ o 

[ 0 0 4 2 ] 

^{biSll7<7)MW*^2nm*}ST'fe5h. TMR^?l(DTMRl:l:*^/^$<*oTb* 
7 Olil?*^ 8 nm^S^Tl^Si:, Mit^ AM 7 (Omit<0 KH^fJ^MmKB C ^ 

[ 0 0 4 3 ] 

±aiCD*||)10fKSOTMR^^l 0^ffi!cfCj;nti\ ^fkg*il7A'«C o F e B°icl/^fiC 
0 F e N i B^^y^-r ^^^^Un-b'^lS.K) . Mit^ AM 7 (Dmmti'^ Z nmJ.X±8 nmJ-:^ 30 
TT'fe^il iitc j; 0. ffiV^TMRJt (KMffitait) *^'#P.n. ffi*x - {i« ft ill O ^ Ji5 tt ^ 
ScSf 5 c i:*<T' t 5o S/fc, ffiiK:^ H c SrffiMI- 5 Otf Bot^SPIiJ LT. T 

[ 0 0 4 4 ] 

c:n(Cj;0sJ?IJ^lf^|g(OTMRI|?«:tLTfig5il«^<tUSHtCTMRII?l^jgffl 
L/cii^lC. TMR^? 1 07;^7-D^' Kfli!i<Dje«^3j»b. $ fiK g S ^ 7 O fb 

I? t § . 

^fc, TMR*?*^LTfig5«S^'N-y H-^iiM-b>tt-tC5ifflbfc€€rtC{i, SteSKI^O 40 

Bj t6 ^ i, o 

[ 0 0 4 5 ] 

s*^ e.^ifi!c?nfc T M R 1 {ci5i^$ n^v^o 

M^tf03ic^-rj;5ic, mitmmn 5 m i n^itm^m 5 a tm z (DMitm^m 5 

l§ 0^ © 5^ * ^ # § C i: 1 ^5 . 
[ 0 0 4 6 ] 

m 3 ic/T^-r T M R«^ 1 0 xii^ m 1 ©sKibssa 5 a A^ssiis^tta 4 i:s trfc c 50 
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[ 0 0 4 7 ] 

aii7 X u mm(D$^m.iimmi^m 5 c Km^^ibn^itntLxii. m^^iR r h . i 

r. Cu> Cr, Au, A g m ff^mif ^ n o 03«TMR^?lOtCfcV^T> ^(Omo) 

[ 0 0 4 8 ] 10 

nommy ^ V mm^^t ^ T URM^ I otctJi^Tt. mit^^m i ti^ c o f e b^\.^ 

fiCoFeN i B^$Wr?.^^14#i^A^?.fieOs mitSiim 7 (Dmrn-h^ Z nm&.± 8 n 
m!^A-fX^^mJl^t-r^CtlCi:<0. m 1 K L fc T U R I t mmic . iSWTMRit 

J^t»t«:5!t#-r 5 C A^T-t 5„ $ JC , g S « 7 <D © S «g mni? tc g C 5 J; 5 
•r § £1 i: T- 1 5 o 
[ 0 0 4 9 ] 

iSi. ±xgO^SfSOJg«iT'tt. SSMffiStaS^^i: LTTMR^? ( h ^wHS m ffi In 5?i S 

m^) 1. 1 o^ffl^^fc*^ wo?iiittg*^4'F4Ji^^LT)^t^^n. ^ffijc 20 

m^^i^mmtLxc um(D$i^m^mmm^Fs\'^rcUizm^mifim^m^ (gmr*^) 

G M R^? fe*5S^;&iiffl-r5 ili:*^T't 5c 
[ 0 0 5 0 ] 

[ 0 0 5 1 ] 

±a50 J: ^ * T M R 1 . 1 0 fi?iJ^ M R A MUtO^M^ ^- 30 

USBtCfflt,>C,nT»3iT-S?.c i^Afs ^%BB(DT MR m^^m^^fcUR AM \iC-0\,>r . 

m^^mLrj:t,s p,mmt ^ o 

[ 0 0 5 2 ] 

*f§H^OTMR*^^*-r5^'DX3Kl'>'h^OMRAM7U-l'^, MA liC^^to iKDM 
RAUT]y^li. ^SSfcOy- K«gW L i:, P. 7 - K ili W L a « S f 5 ffl S O «y Mil 
B L t^^L. 7-Ki^WLi:lfyhi^BLi;cD3S^li:*fg^OTMR^?*^SaB?nT 
^5^*U-lr;l/lii:*W-rSoBn-6s ciOMRAMTU-r-ea, 3x3<D;<€:y-b;l/l 
1 AW h U X*clcEB?ns„ 
[ 0 0 5 3 ] 

MRAM7P-rti:ffll,>e>n§TMR*?i:tTti. HMC^b/cTMR^^MCPS^ 40 

^n-f. a« 7 X y la 3 ic^t T M R 1 oi?. ^ffitc?^ LTS»tc«}jit 

[ 0 0 5 4 ] 

m 5 {c^-To 

^ ^ * y -tr ;i/ 1 1 a . EI 5 fc ^ -r ct 9 , w If y 3 y s i 2 ± tc, y - h « ffi 1 3 
^ v~7.mmi 4 Rtf V' ]y-f ymm 1 5*>p.;s:§h^yi>'x^i e^wr^. y-hme 

1 3a, St^^ffiLfflOy-KSWL l?r«figLTV^5o ^'-hmMl 3±tCtt, Jfilijl^ 50 
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Tv^;§c h "7 y X ^ 1 6 (D V ]y ymm I 5 ic li a h ^ ;i I 7 tmm^ ti. t 
P,tcny^^h^^;bl 7 Kit T mm \ 8*"!jti^$nTl^5c dOTiiHl 8±(D»t3Zb 

0 COTMR^^litC. 7-F«SWLlS:t?WL2i:il3g-r§e>yMSa(t(jat/-ct;-y 
[ 0 0 5 5 ] 

ilCMRAMJi. mitS^mi ti^C o F e BSEO^fiC o F eN i B^^WTSSS^tttti^ 

1 ^ffll/^TV^SOT', T M R tii:^K®a6T«n. t 'J ®I it <0 g ^ 14 il W K |p] ± f S 
o t^c. Siit-ES^fl*! (R-Hffliii) ^c^5V^T/^'XA<{SSiL. ^i3S:b*^iS-tc^ 7 
Xr a-r K1ttt*'«[p]±-r SOT', •tE*X7-O<gM*05 (1 i;*^T't 5o 5 & , {i 

[ 0 0 5 6 ] 

( * ffi {?IJ ) 

i^, EStc^L/ccfc^lc. MRAM(C{iTMR^^llX^tCX'l'-yf->'^^'fflOFv>'i>~X 

^LTs ?i{bSSSJCFeCoB§?l^fiFeCoNiB«:fflV^fcJi^lC, ^OMWATM 

R tt ^ ^ tt R ^ 3^ S tc O V> T 1^|>t t o 
[ 0 0 5 7 ] 

?TEG(Test Element Group)i:trxSS21±tC7-F^WL 
F«B Li:*'Sia3SLTga«$n. cne.7-FI^WLi:lf-y FliB Li:03^Mr§ 
gP^tC T M R 2 2 *<Jgfi!t$tlfc«3i^#»! LZ-Co d © T E G « , TMR«?2 2*^ffi 
P3J^ttT'feOs 7- K«IWLRtf lf>y FiSiB LOW4|gtC^n€n4S?/^«y K 2 3. 2 4 *^ 
mi^^tl. 7- F*SW L i: If y FiliB L i;* A 1 2 O3 *^ 6 fig 5 SBiitM 2 5 . 2 6 IC 

iSi. ffiRJgt^O T M R 2 2 a, 0. 6/imXS«il. 2/im. ^WO. 8 /i m x 

ftffl 1 . 6;im, 5S$|ll2. 0|imXft(|lj4. 0 fi m . © 3 S II © ^ ffi O t O ^ ^ b 0 
[ 0 0 5 8 ] 

« W « . © J; ^ L T 0 6 0 7 f T E G ^ fF S b /t o 
2 1 ^ ffl « t /c o 

^^IC, cl©afi2 1±lC7-F|g<D«l^^ligSib. 7;4-FUy^'77^lCj;^TVXi'L 
/£tgtC7-FISJX^r|.<Dg|55>:&A rT^^XvlCj^fJ^Kfl^tCX-y^yi^z-L. 7-F^WL^ 

^©m^ 7- FHW L Ti^itM 2 6 ^J^fiK L. S S ^ ¥ ft L o 

[ 0 0 5 9 ] 

^ T . T IE O JI « ^ ( 1 ) ^ § T M R * ? 2 2 ^ . 1^ ftl © U V ^" ^ 7 ^ ffi S. t>' X 7 

^y^'lC J; j^K tfc iiSfig (1) /<DfeW>()^SSiJ t ^ ^ Tfc . 0 rttt^W 

Ta (3nm)/PtMn (30nin)/CoFe (3nm)/Ru (0. 8nm)/C 
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oFe (2. 5nm) / Al (Inm) - 0, /FeCoB (tnm) /Ta (5nm 
) - ( 1 ) 
[ 0 0 6 0 ] 

i^. ±m(Dmmi& (i) ©d^. mit^^m^m^t^F e c o B<Dm^^F e s c o 7 

2B20 im^%) fct<«Fe20Co60B20 i:L/co 
Sfc, ^CoFe^OiH^^:, Co75Fe25 tLfCc 
[ 0 0 6 1 ] 

h y^)]y/^V 7m 6 (O k 1 - O, mii. *-r^SA l^^DCX/^y^fiStCj;!? 1 nm 
^(D'^mm/T }\ydy<om.mit^ I ■. ItL. 'f-^>A--ff7.E^0. ImT 
o r r tb. I CP (K3!|Je^:/vX^) ^^P.OT'vXvtifJ^gA iM^T'^Xvag 
it ^ -y: § o cfc 13 fl^ fig b /t o SSfk^Kti I C P 7''7XvtH:^jtc«c#-rs*^ ^SlfiSfiajT 

3 0 © i: L /-c o 
[ 0 0 6 2 ] 

ttc. h U 7» 6 © A 1 - O , D CV^f^ hDy::^/'?<y ^fjST 

[ 0 0 6 3 ] 

^XK. mm^mMPicr . lokoeoym^^. 2 6 5 ict'. 4^m(Dmmm^n^^. 

^-y^WtiiTMR^^Z 2:&Jgfi!cLfCo 

^?,tc>Ai, 0;, ^7.;iy ■^t?>c tici:*), 1^-^ 1 0 0 n mmmnmmm 2 5 % 

Jjg^b. $ e. 7 * h U V 7 fC i 19 If >y hSS B L RtfiS?/^ y K 2 4 ^fgfig L, 1^ 
6 R D" la 7 ^^ L T E G % f# fc o 
[ 0 0 6 4 ] 

^t^^n/■c■9■yy;^OTEG^COV^T^ TIB<Oi;^tctTR-Htt^cD?|iJS^tT^T, $ 

[ 0 0 6 5 ] 

(R -HfiS^OffliJS) 

§0 tic J; 19. ffiinfilojliJS^&ffo^CoEP-fe. S-fTMR*?2 2©Ji{hgSJi;&?M{l:S 

tcHljDLfCo SiJ^©fc46©^1.g|5jS^(D;*;t 1 0 0 0 e i: Lfeo 

[ 0 0 6 6 ] 

i^tc. fiS{bSftJi©iS{t^^«lO-7?ffllJ*^e.mT-l 000e*^5+l 00OeS-eJf!l 
t^tmmK. 7-Ki^WL04S?/^7 F2 3i:lf-y h^BL04ig?/^>yK2 4i:JC*^*^ 

>&?5it b/cc C Oi: t©#^1.gPiSI?tCji\tt-5Sln:ffl*SiJSbT R - HftS^tf/tc 
[ 0 0 6 7 ] 

( T M R it ) 

5*^^TMRj:b (iM^JfiiitSfl:*) * * 46 o 

i^. ^j^f*K*^ab^ftt^^#S i:i/^o/-cm^S!b^p., d^XMRtba 4 5 %JJ<±T'S5c: i: 

jif S b 1/^ o 

[ 0 0 6 8 ] 

±fB®PJS73atCc}:t)R-Hft^;&MSb> R-Hfi^*^P.. ^ftmSlltl^^bgSiiC) 
?S {b S ¥ tT © t»c ftS T o T S K i« « CD Jg In ffl . Mitm^m t Mit S AM (DM 
ikA^-¥ff©t*c«l1?fe-3TfiK*Mg0^tt«gT'©ffitaffit©¥±§fi^*46. C©¥i^{i©ffiK 
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(TEG) iC)^tLTfTV^. ctl^(D^^i^mtmmmmo^^ibrco ^ut. o / (h 

c (D^i^m) ^ Umtl H c (D ^ ^ <D m t L fc o 
[ 0 0 6 9 ] 

S-r,filS{biiSOfflfig*^Fe8Co72B20 TMR^?22<D-9->rX*^ 
0. 8X1. T'fetJ^fiSftStSWMJJt^l. 5nm. 3nm. lOnmi: 

S^fci: ttC*3lt§. gtrL-fiS«fti^ (R-Hfti^) ^08tC^-r„ iSi . fiS W S in W O 
{^t^^JtC. (TMR) {C<fc OigmA^^ftLfcfJ^ (%) ^/T^LTV^So 

[ 0 0 7 0 ] 

|218lc^-r<i;9lc. ^{t:SftSOIMJ¥t=3nm©^^fCti, i«l^TMRj;hi:illli=5;«fk 

lEHrtT-^^^^lCfi. il © J; ^ R - H ft H A^-ffi iJ $ n fc: o 

^ /is ^{k S 2 n m J; D <?IJ^«* t = 1 . 5 n m T' . T M R ibA'' 2 0 

^felC. ii{hiSiiA^8nm<tt)fc/Pl,^«^, ^J^tft = 10nmT'a, TMRJtailft/> 
ffi^fSif -r 5 fecDO. KlbOSfE*^ 2 Xr y yT'Sil o Tl/^T, 2 HI g OS»s « H 

^ ;?)^ T § c t t- § o 

MRAMl?(Diim^^:UgSJC*3l/^T{is^W»t5i**tT^fci6fCiK{l:*^milSlCSl5-r 

§ c i: *s S T !3 . iKDjiS^^iif 5 i;, «8{b S 8 n m J; ff < f 5 <i i: «^ 

[ 0 0 7 1 ] 

i^V^T, Ji{bSS«©!ififie^Fe8Co72B20 ilLT. ?K{bS*S<DflMW 

t^l. 5nms 2nm, 2. Snm^ 3nm, 4nIn^ 6nin, 8nm^ lOnmi:^ 

^rcm-^o^mif^ Am (of^mt. tmrj±. umtin c (o^^t^. umtiu c <oi£^-::>^ t 

$/c:>ag{t;S*licDfflfiSc;&Fe20Co60B20 ()^?%) i:LT, 09A~ia9Ci: 

RtJ^umtiH c (DiSh-o^ t<Dmi^.^ . ^ n^'nm \ 0 h . 01 ob. eiiocjc 

[ 0 0 7 2 ] 

09A:Rt;EiioAj;f)x v^-rnoiffifiEo^^fe, t mr it limits a m(ommti^ 2 nm 
&,±r'S>?>m'^K 4 5 %&,±tmmicm^o ^im^rsLtco mit^Am(omm^ 3 n mm 

mtLfct^. Fe8Co72B20 (M?%) T'54%. Fe20Co60B20 (S 

? % ) -e 5 7 % (D ffi t ^ n fp -r § o 

[ 0 0 7 3 ] 

B19BRa?12110Bj:D. iS^i^Hc «{!:gS/i©^l?*^2nm~3nm 
cDlSHcOi: t tea. MlPi: t ic#ptciiin-r §0 c (D 15 H T « . 'Z^^^jiUMtiH 

SS»(O^J»A'«3nmJ.:i±^^Si:S*K«^l?HcfiSi;A,HitAnL4t/^o 

fzfzL. ±mLrciio\c. iifbiSSOJiffA^S nmJ; t) feJPV^«^{i, BS ^b S K « m 

[ 0 0 7 4 ] 

?P.tc. 09CRtfEllOCJ:t). «!itlHcOtfaot;&^*5i:, *^-9-'rXtcfeJ;5 

7b>§o ^LT. ii^bi iWCMP*^^ 2 n m*?St. L < a 8 n m«:S^5 i:. ffllK:^lfe.O 
^ ii!! i« *p -r 5 C t3 *^ S o 
[ 0 0 7 5 ] 
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J-;^±0|g^A^?>s mit^^m(DJ^m^ 2 n mi:A±8 n ml^AT tt C tlCi: 10 . TMRH 
[ 0 0 7 6 ] 

^mmmx'iimit^^mK f e c o B^m^^rc^-^X'&-:>rci}\ mit^^mK f e c 

oNi B^rfflO^fc^^lCfclRieilC, li{bSS«0!ilP*2nmJ^±8nmJXTi:-r5<li: 
iCi^f). T M R 2 2 0 ^ M R A M^<OfiSm>< t U SBJCjgffl b 

[ 0 0 7 7 ] 

*5g0^<?)KMffi5t^S^? (TMRll^^) a. SuaiLfc^M^ t U gB<D?J^^ ^-r 10 

[ 0 0 7 8 ] 

[ 0 0 7 9 ] 

[ IS O 5Sj m ] 

cmccfct). ^aJfiin^m^?^iS^p<tUSB{<:iifl! Lfc^^ic. » t x 7 - ^ M 
[ 0 0 8 0 ] 

^ -r s ti ii T- 1 § o 

[0l]*|gH^<D-^i5fSOff^«§©TMR*?O«!tS&«fiXia-efe§o 30 
[02] K{kSS/itCC o F e B^fflV^fc^^aC o F e^fflV^/c^^T-TMR^?©Ji 

[ia3]aii7xU«3S^W-r^TMR*?(O«lii&4i^0T:-^§o 

[134] *^0^OTMR^^«:^^rU-b;l/i:LT^-r5, ^/n7.5j^-l'>hSMRAM7U 

[05] 0 4 fC/T^-r t U -b;l/Offi;*:»fffl0T**5c 
[06] TMR^^cDfFffifflOTEGC»TS0T-$)5o 
[07] EI6©A-AtCfctt?.ifffi0-efe§o 

[08]il^l:gS/i(DM)¥^S^fcilt<Dfiiii-K«ft^^^1-HT?feSo 
[09] Mit^^miCV e 9 C o 7 2 B 2 0 ^ fc i§ (D m» t MU^ 1i<0 m L 40 

fc 0 T § o 

[01 0] ii^l:gfi»tJ:Fe20Co60B20^fflV>/i»^(DJliPi:««#14©|g«* 
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